Small woody debris in streams is abundant, and may be a food source or may provide a substrate on which other food sources such as biofilm may develop, both of which may be significant to invertebrates in times of food scarcity. We examined patterns of invertebrate colonisation of small woody debris (veneers of red alder, Douglas-fir, and western red cedar), red alder leaves, and plastic (as an inert substrate to mimic leaves). Invertebrate colonisation was high on alder leaves, but low on wood substrates and plastic, controlling for the available surface area. Detritivorous invertebrates had significantly higher colonisation rates of alder leaves versus the other four substrates, whereas predators and collectors did not (consistent with their use of these as substrates and not food). All wood decreased in mass by <15% and leaves by ~50% over the 75 days of the experiment. For all taxa tested, there was no significant difference in their colonisation of the wood veneers versus the plastic sheets. These results suggest that wood was not directly used by these invertebrates as a food source, or that there could be similar biofilm development on the surfaces of these substrates.
Introduction
Large wood is an important structural element in streams of temperate regions, and a number of studies have identified linkages between wood and invertebrate community composition (CARLSON et al., 1990; LEMLY and HILDERBRAND, 2000; COLLIER and SMITH, 2003) . In-stream wood has been found to be heavily colonised by invertebrates (BENKE et al., 1984), and HAX and GOLLADAY (1993) found that invertebrate densities were greater on wood substrates than on leaves. In these studies sessile invertebrates benefited the most from large wood as a stable substrate to which they could attach. The standing stock of large and small wood fragments is quite large in most small, forested streams, especially relative to the biomass of leaves generally present (DUDLEY and ANDERSON, 1982; NAIMAN et al., 2000; KARLSSON et al., 2005; WIPFLI et al., 2007) .
Small woody debris may also be of importance to aquatic invertebrates. It is a source of biologically-fixed energy to stream food webs. Wood is more biologically stable (GULIS et al., 2004) and less seasonal (PETERSEN et al., 1989) than other kinds of detritus, and studies have demonstrated that wood can serve as a food source for some species of stream invertebrates ANDERSON, 1982, 1987; BON-DAR et al., 2005) . However, few studies have looked at the nutritional significance of small woody debris in stream ecosystems, whereas the predominant focus has been on leaves as a food resource in these systems (e.g., RICHARDSON, 1991 RICHARDSON, , 1992 WALLACE et al., 1999) .
Wood may provide a very large surface area that allows for biofilm development, another important food source for invertebrates. ANDERSON and CUMMINS (1979) pointed out that most of the nutrition derived from feeding on leaves is from the microbes and associated biofilm, not the leaf tissue itself. Other studies have shown that wood can support higher fungal production and microbial biomass than leaf litter (BENKE et al., 1984; HAX and GOL-LADAY, 1993) . Furthermore, the wood itself may also be a major carbon source which may significantly contribute to long-term carbon availability and nutrient spiralling as suggested by HARMON et al. (1986) . Therefore, wood may provide an important food resource for invertebrates directly or via support of biofilm development.
Wood may be of particular importance as a food source in times of resource scarcity such as during the summer months before the fall input of leaf detritus or in areas or times of high stream discharge where leaves may locally become dislodged from the reach (ANDER- SON and SEDELL, 1979; PECKARSKY, 1980) . During summer months, when invertebrate production can be high (RICHARDSON, 2001) , invertebrates may have to become facultative feeders, utilising substitutable food sources, possibly fragments of wood (e.g., HOFFMANN, 2000; BONDAR et al., 2005) . Whichever use(s) invertebrates may make of small woody debris, it is expected that colonisation rates will differ between various substrates, thereby influencing local invertebrate abundance (ROWE and RICHARDSON, 2001) . Activities that modify streamside vegetation, such as forestry, will alter the nature of leaf and wood inputs, and thereby influence the abundance and community composition of aquatic invertebrates (LEMLY and HILDER-BRAND, 2000; LECERF et al., 2005) .
We sought to determine if invertebrates differentially colonised wood veneers (commercially available, thin sheets of wood often used for finished surfaces of building materials or for laminates) of 3 different species, alder leaves, and an inert substrate (plastic). We expected that alder leaves would be readily colonised by invertebrates, and hence we included leaves for comparative purposes. We hypothesised that wood could be a potential food source and predicted that we would find higher numbers of shredder-detritivores on wood than on the plastic leaf mimics (a control for substrate area). We also predicted that wood from a deciduous species (alder) would be colonised by invertebrates faster than coniferous species, based on differences in the resistance of the various species to breakdown. We expected that there should be no differences in colonisation by predators and scrapers between any of the substrates.
Methods

Site Description
The experiment took place in a second order stream (stream G in KIFFNEY et al., 2003) in the University of British Columbia's Malcolm Knapp Research Forest located approximately 60 km east of Vancouver, British Columbia. The forest is situated in the Coastal Western Hemlock biogeoclimatic zone. The canopy vegetation consists primarily of Douglas-fir (Pseudotsuga menziesii), western hemlock (Tsuga heterophylla), western red cedar (Thuja plicata), and red alder (Alnus rubra), with an understory of vine maple (Acer circinatum) and salmonberry (Rubus spectabilis) in the riparian areas. The forest at the site regenerated following a fire in 1931, and trees had an average diameter at breast height of 40 cm and an average height of 45 m. The stream's bankfull width was approximately 4 m and the benthic substrate consisted predominantly of cobbles, gravel, and sand, with a little exposed bedrock. Summer base flow and stream gradient were 0.6 l/s and 6%, respectively. Flows were low at the time of sampling.
Sampling Design and Procedures
All the substrates were added on 18 July 2002 and samples were removed approximately every two weeks resulting in five sample dates, with the last collection on 1 October 2002. Four replicates of each of the five substrates were collected on each sampling date for a total of 100 samples over the experiment. Replicates for a given date and treatment were placed in different pools (n = 4) of similar characteristics along a 25 m reach of the stream.
We used untreated, unconditioned wood veneers of Douglas-fir, red alder and western red cedar, red alder leaves (collected the previous year after abscission and air-dried), and plastic mimics as the five substrates. These tree species are common along streams in coastal British Columbia and contribute to the substantial standing stock of wood in streams. Red alder leaves were included for comparison to wood substrates and to other studies. Plastic of colour similar to the wood was used as a control for surface area and texture (i.e., microhabitat) of the wood. Ten 5.1 cm × 12.7 cm veneers (approximately 1 mm in thickness) were used in each wood sample for a total surface area (including both sides) of 1290.3 cm 2 . Plastic pieces were cut to similar dimensions. A relation for dry mass to area was developed for alder leaves to adjust the amount of leaves to be equivalent in surface area to the wood and plastic substrates. All substrate materials were loosely placed in hairnets (mesh size 1 cm 2 ) and secured in the stream with fishing line and weighed down to the stream bed with rocks.
Samples were removed from the stream with a fine mesh net held downstream of the sample to catch any dislodged invertebrates. Samples were placed in a sample jar and preserved in formalin. All samples were disassembled over a 60 µm sieve, substrates were gently washed with tap water, and the hairnets were examined visually for invertebrates. Due to a labelling error, cedar veneers for day 14 were discarded, although not the invertebrates. Invertebrates were identified to the lowest taxon possible. Substrates, with the exception of plastic, were dried at 50°C for a minimum of 48 h, weighed, ashed in a muffle furnace at 550°C for a minimum of 2 h, and weighed again.
Data Analysis
Data were analysed with treatment (i.e., substrate) and time as main effects, along with their interaction, in a two-way ANOVA using PROC MIXED (SAS version 9.1). The response measures were substrate dry mass remaining, as well as total invertebrate numbers and selected taxa for which there were sufficient numbers for analysis. All invertebrate numbers were expressed as number per sample, as surface area was controlled for in each sample unit. We included some taxa that were predicted to be associated with wood and some that would not use wood as anything more than a physical substrate (e.g., predators). We chose ANOVA over ANCOVA as the responses through time were clearly not linear. We used pre-planned contrasts to compare the three wood types versus either the red alder leaves, or the plastic control (two separate contrasts). The three wood types were compared using probability of difference of the mean squares from the general linear model from PROC MIXED. In all tests, an α of 0.05 was used for statistical significance.
Results
Substrate Mass Loss and Total Invertebrate Numbers
The ash-free, dry mass remaining (g AFDM) decreased with time (Fig. 1) . Douglas-fir lost the least amount of mass followed by cedar, alder wood, and alder leaves. Cedar wood had a slightly higher mass after being submerged for 42 days. No wood substrate lost more than 15% of its original mass after 75 days, whereas leaves decreased in mass by approximately 50% over the same time period.
The colonisation of substrates by all invertebrates combined showed significant patterns with respect to treatment and sampling date (Table 1, Fig. 2a leaves had higher numbers (2 times as many invertebrates, based on least squared mean value for leaves of 118.1) than the three wood veneers, although the differences were significant only for the first two sampling periods (28 days) ( Table 1 , Fig. 2a ). The contrast of plastic versus the wood veneers showed no significant effect for any response measure (Table 1) . Comparisons of the three wood types against each other showed no significant differences in numbers of any invertebrates. 
Substrate Use by Specific Taxa
Some taxa were sufficiently abundant to analyse for patterns of colonisation of the various substrates. There were significantly more (3.6 times as many) larvae of the shredding caddisfly Lepidostoma (Trichoptera) on leaves than on all other substrates over most of the sampling period (least squared mean value for leaf substrate = 14.4) (Table 1, Fig. 2b ). This genus demonstrated less variation across the entire sampling period than did either the detritivorous mayfly Paraleptophlebia spp. (Ephemeroptera) or total number of invertebrates (Table 1) . As with other taxa, there was no significant difference between the numbers on plastic versus the three types of wood (Table 1) . There were more Lepidostoma on alder wood (5.5), followed by cedar (4.4), Douglas-fir (3.3), and finally plastic (2.8) (Fig. 2b) . There was also no significant difference in the numbers of Lepidostoma between any of the three wood types.
For Paraleptophlebia (primarily P. temporalis) larvae, there were significant differences due to treatment, date, and their interaction (Table 1, Fig. 2c ). There was a significant contrast between leaves and the three wood veneers (Table 1) , but there was no significant difference between wood and plastic. As with the total number of invertebrates, leaves had more Paraleptophlebia (2.6 times as many, least squared mean = 26.5) than all other substrates, followed by Douglas-fir wood (12.4), alder wood (10.3), plastic (9.1), and with the smallest number on cedar wood (7.9) (Fig. 2c) . There was no significant difference between any of the three wood types based on a posteriori comparison of the least squared means. The larvae of the detritivorous stonefly family Nemouridae (primarily early instars of Zapada cinctipes, Z. haysi and Visoka cataractae -all combined here) also showed significant effects of treatment, date, and the interaction ( Table 1) . As with the other detritivores above, nemourids were significantly more abundant on alder leaves (2.5 times as many) than on the three wood veneers (Table 1) . And as with the other taxa, there was no significant difference between the plastic and the three wood veneers (Table 1) .
The number of chironomid larvae (Diptera) did not differ significantly between wood and plastic (Table 1) , or between the three types of wood. However, the total numbers of chironomids were significantly higher on leaves than on other substrates for the first 28 days (Table 1, Fig. 2d ). Total chironomid numbers were three and nine times greater on wood substrates than Paraleptophlebia or Lepidostoma numbers, respectively.
We also tested several taxa that we expected would not use wood as a potential food substrate, and that were common enough to allow for statistical tests. Polycentropus larvae (Trichoptera: Polycentropodidae), Acari, Oligochaeta, and Ceratopogonidae (Diptera) showed no significant effects of treatment (Table 1 ). There was no interaction between treatment and date, with the exception of Polycentropus, but this effect was weak. None of these four taxa showed a significant contrast between the numbers on the wood veneers versus alder leaves, or versus the plastic (Table 1) .
Discussion
The lack of significant differences between the colonisation of wood versus plastic, or between different species of wood, suggests that invertebrates were using the wood and plastic primarily for their physical features as substrates or perhaps for surface biofilms. For most invertebrate taxa there were significantly higher numbers that colonised leaves in this experiment, consistent with the use of leaves primarily as a food source (DOBSON et al., 1992; RICHARDSON, 1992) . All substrates were equally available to the same pool of potential colonists, so differences reflect differential rates of colonisation.
Although relative rates of substrate breakdown were as predicted (alder leaves > alder wood > coniferous wood) (GOLLADAY and WEBSTER, 1988) , invertebrate colonisation and use of the different wood species generally did not reflect these differences. KAUFMAN and KING (1987) did not detect significant differences in invertebrate colonisation of pieces of Fraxinus and Populus wood, while TANK and WEBSTER (1998) noted similar microbial activity on various wood species suggesting little difference between wood species. HAX and GOLLADAY (1993) found that collector/gatherers, which formed the largest group in pools in their study, preferred leaves, while filterers, predominantly found in riffles, preferred wood. Preference for wood by some invertebrates may be linked to specific functions of wood related to physical characteristics of their habitats. In our study we examined invertebrates in pools, and we found mostly shredders and gatherers, and few filter-feeders present on our substrates. BOULTON and LAKE (1992) found positive relations between the densities of detritivores and their food resources in riffles, yet found few significant relations in pools which they interpreted as an 'over-abundance' of detritus in the depositional areas. Previous work in our streams has demonstrated that detritus is usually a limiting resource during summer, regardless of channel unit type (RICHARDSON, 1991) .
Substrate Preference of Specific Taxa
We expected significant differences in numbers of shredders (detritivores) as a function of substrate type, but not for other feeding groups. This is because shredders could be using the leaves and wood as a food source itself, while other groups would presumably be using the substrates for their physical features (DOBSON et al., 1992; RICHARDSON, 1992) , or feeding on biofilms growing on their surfaces (LEDGER and HILDREW, 2001 ). Our results for detritivores indicated that leaves served as food (and substrate), whereas densities on wood veneers and plastic were similar to each other and much lower than for leaves. These observations were consistent for Paraleptophlebia, Lepidostoma, and nemourids. We did not find many larvae of the elmid beetle, Lara sp., on our substrates, although they are present, perhaps because the wood veneers we used may have been too thin for this wood-gouging genus. From our experiment we cannot distinguish between use of wood or plastic by these taxa for their value as a substrate or as a potential source of biofilm.
Some species are known to be able to variously consume leaf litter or biofilm. LEDGER and HILDREW (2001) demonstrated that nemourid stonefly larvae can grow at normal rates on biofilms growing on cobble substrates, despite generally being associated with consumption of leaf detritus. DUDLEY and ANDERSON (1982) found that Nemouridae existed on both leaves and wood in similar abundances. High numbers of chironomids on wood and plastic substrates in this study may also indicate use of these surfaces for a source of biofilm. Polycentropus caddisflies, Acari, Oligochaeta, and Ceratopogonidae were not expected to use wood as food, and may select them simply as a surface, or perhaps for other values, including a source of prey or other foods.
Invertebrate Colonisation Trends
Colonisation through time was complex, as in other studies (e.g., ANDERSON, 1989; HAX and GOLLADAY, 1993; DRURY and KELSO, 2000) , with some species colonising rapidly and then possibly being displaced (RICHARDSON, 1992) . The results for the plastic substrate showed the greatest total number of invertebrates on the final sampling date. As the use of plastic for its physical features should remain constant over time, the increasing colonisation with time might suggest that biofilm development (ARSUFFI and SUBERKROPP, 1985; TANK and WEBSTER, 1998 ) was important to colonisation. Also, our study was relatively short term, given that in a 5 to 6 year long study of colonisation and degradation of wood dowels by ANDERSON (1989) , numbers of invertebrates on wood substrates did not stabilise until between the first and second year.
Our results showed that wood veneers were no more likely to be colonised than plastic mimics, and may provide little more than a substrate. The large amounts of wood in many streams, particularly of the Pacific Coast of North America , may contribute a large surface area to biofilm development, although this has not been quantified. Except for specialised consumers of wood (e.g., Lara avara and Lipsothrix spp. [DUD-LEY and ANDERSON, 1987] ), wood may be incidental to the diets of other consumers. However, wood may be a substitutable resource for stream detritivores as seen in the frequency with which consumers contain particles of wood BONDAR et al., 2005) . While stream invertebrates are clearly associated with and consume wood, the quantitative nutritional contribution of wood to stream food webs is still not known.
